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Abstract 
The present work is to study the effect or influence of the turning process variables on the 
multiple responses. Experiments are planned as per the L16 orthogonal array by taking 
the speed, feed, depth of cut and the nose radius as the process variables. The multiple 
responses of material removal rate and surface roughness are optimized concurrently 
using TOPSIS method. From the results, the optimal combination of process variables is 
found at speed of 2500 rpm, feed of 0.1 mm/rev, depth of cut of 1.2 mm and nose radius 
of 0.4 mm. ANOVA results noticed that the nose radius has the highest influence on the 
multiple response. 
 
Keywords: Material Removal Rate (MRR), Surface Roughness (Ra), TOPSIS and ANO-
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INTRODUCTION 
In recent days, Multi Criterion Decision-
Making methods (MCDM) are playing 
key roles in reading the complicated real 
business troubles. They allow the deci-
sion maker to choose special options on 
various criteria for feasible selection of 
the first-class or appropriate opportunity. 
TOPSIS is the method for order prefe-
rence by way of similarly to perfect an-
swer evolved with the aid of Hwang and 
Yoon in 1980 as an opportunity to the 
ELECTRE technique. The basic prin-
ciple of this approach is that the chosen 
alternative must be closer to the positive 
ideal solution (PIS) and far from the 
negative-ideal solution (NIS) in any 
geometrical sense. The Euclidean dis-
tance approach was suggested to assess 
the relative closeness of the alternatives 
to the ideal solutions. Thus, the priority 
order of the alternatives can be derived 
from a series of comparisons of these 
relative distances. The TOPSIS method 
initially transforms the various attribute, 
dimensions into non-dimensional 
attributes. Generally A
+
 denotes the 
highest suitable alternative or the ideal 
solution. Similarly, alternative A
-
 de-
notes the lowest suitable alternative or 
the negative ideal solution. 
 
The relative significance or weight of a 
criterion reflects the priority assigned to 
the criterion by the decision-maker while 
ranking the alternatives in a Multi crite-
ria Decision-Making (MCDM) environ-
  
Journal of Advancements in Material Engineering 
Volume 3, Issue 2 
 
 
2 Page 1–10 © MAT Journals 2018. All Rights Reserved 
 
ment. A number of methods are availa-
ble to assess the weights like Rating me-
thod and Entropy method. Entropy is a 
term that determines the uncertainty as-
sociated with random phenomena of the 
expected information content of a certain 
message and this uncertainty is 
represented by a discrete probability dis-
tribution. The Entropy Method estimates 
the weights of the diverse criteria from 
the given payoff matrix and is indepen-
dent of the views of the decision-maker. 
This method is particularly helpful to 
investigate the divergence between sets 
of data. These sets of data can be 
mapped as a set of alternative solutions 
in the payoff matrix where each alterna-
tive solution is evaluated in phrases of 
its outcome. The philosophy of this 
technique is based totally on the quantity 
of data to be had and its relationship 
with the importance of the criterion. If 
the entropy cost is excessive, the uncer-
tainty contained inside the criterion vec-
tor is excessive, diversification of the 
statistics is low and correspondingly the 
criterion is less crucial. This method is 
fine as it reduces the burden of the selec-
tion-maker for massive sized problems. 
 
EXPERIMENTAL DETAILS 
En24 medium carbon steel is taken as 
the work piece for the present study as it 
has enormous applications in automobile 
and aerospace industries.  
 
 
It is also used for the components such 
as gears, shafts, studs and bolts, connect-
ing rods, propeller or gear shafts and air-
craft landing gear components etc. The 
chemical and mechanical properties of 
En24 steel are given in the tables 1and 2. 
The experiments were conducted on 
CNC turret lathe (7.5 KW, 6000 rpm 
Spindle speed) shown in the figure 1.  
The selected process variables such as 
speed, feed, depth of cut and nose radius 
with their levels are given in the table 3. 
Machining of the work pieces has been 
done as per the Taguchi’s L16 orthogon-
al array as given in the table 4. 
 
 
Table 1. Chemical Composition of En24 
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Table 2. Mechanical Properties of En24 
Density Tensile 
strength  
Yield Strength  Elongation  Impact  Hardness  
2.8 (gm/cm
3
) 850–1000 
(N/mm
2
) 
680 (N/mm
2
) 13% 54 248 
(BHN) 
 
 
 
 
Fig. 1. CNC Turret Lathe. 
 
Table 3. Parameters with Their Levels. 
Parameter 
Levels 
1 2 3 4 
s, rpm 1500 2000 2500 3000 
f, mm/rev 0.05 0.1 0.15 0.2 
d, mm 0.3 0.6 0.9 1.2 
r, mm 0.4 0.8 - - 
 
 
 
 
 
 
 
Table 4. L16 OA. 
S.No 
s 
(rpm) 
f 
(mm/rev) 
d 
(mm) 
r 
(mm) 
1 1500 0.05 0.3 0.4 
2 1500 0.1 0.6 0.4 
3 1500 0.15 0.9 0.8 
4 1500 0.2 1.2 0.8 
5 2000 0.05 0.6 0.8 
6 2000 0.1 0.3 0.8 
7 2000 0.15 1.2 0.4 
8 2000 0.2 0.9 0.4 
9 2500 0.05 0.9 0.4 
10 2500 0.1 1.2 0.4 
11 2500 0.15 0.3 0.8 
12 2500 0.2 0.6 0.8 
13 3000 0.05 1.2 0.8 
14 3000 0.1 0.9 0.8 
15 3000 0.15 0.6 0.4 
16 3000 0.2 0.3 0.4 
 
 
 
METHODOLOGY 
TOPSIS is a frequently used statistical 
approach introduced by Yoon and 
Hwang for solving the multi-criteria de-
cision making problems. 
 This technique is for finding the best 
alternative that proximate to the ideal 
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solution. The basic principle behind this 
is the chosen alternative must have the 
shortest distance from the positive ideal 
solution (PIS) and the farthest distance 
from the negative ideal solution (NIS). 
The procedural steps are as follows 
 
Step1. Determination of the decision 
matrix. 
 
In decision matrix, the rows are assigned 
to available alternatives and the columns 
are assigned to characteristics. The gen-
eral decision matrix can be shown as  
 
D =  
A1
Ai
Am
 
Y11 Y12 . . Y1j Y1n
Yi1 Yi2 . . Yij . .
Ym1 Ym2 . . Ymj Ymn
  
 
Here, Ai (i = 1,2,3...m) signifies the po-
tential alternatives,  
Yj (J = 1,2,3........n) signifies the attrib-
utes and  
Yij is the performance of Ai with respect 
to characteristic Yj.  
 
Step2. Determine the Normalized deci-
sion making matrix. 
rij =  
Y ij
  Y ij
2n
i=1
;  Eq. (1) 
Where, rij represents the normalized per-
formance of Ai with respect to characte-
ristic Yj. 
 
Step3. Finding of the weights for the 
attributes using entropy method. 
 
Step3.1. Formation of Normalized deci-
sion matrix (𝑌 𝑖𝑗 ): 
Y ij =  
Y ij
 Y ij
m
i=1
  (1≤i≤m, 1≤j≤n) 
Step3.2. Calculation of output entropy 
(έj)  
έj = 
−1
ln⁡(m)
  Y ij
m
i=1 ln Y ij   
Step3.3. Calculation of the weight (Wj) 
Wj =  
1 −  έj
 (1 −  έj)
m
i=1
 
Where,  Wj
m
i=1 = 1  and (1- έj) is called 
uncertainty.  
 
Step4. Construction of a weighted nor-
malized decision matrix  
Vij =  Wj  rij                  Eq. (2) 
Where, Wj represents the relative weight 
of the J
th
 criteria.  
 
Step5. Determination of the Positive 
ideal solution and Negative ideal solu-
tion  
 
A+  =   
 maxi Vij | j ε J ,  min Vij | j ε J   
i = 1,2 … . m)
 
 
 
=   𝑣1
+, 𝑣2
+, … . . 𝑣𝑗
+, ……𝑣𝑛
+  
A−  =   
 mini Vij | j ε J ,  max Vij | j ε J  
i = 1,2, ……… . m
 
 
 
=   𝑣1
−, 𝑣2
−, ……𝑣𝑗
−, ……𝑣𝑛
−  
 
J = 1, 2, 3........n, associated with the 
beneficial attributes.  
𝐽  = 1, 2, 3...n, associated with non-
beneficial adverse attributes.  
 
Step6. Calculation of separation values 
from the PIS and NIS. 
The separation of each alternative from 
PIS is given by 
 
Si
+
 =   vi
+ −  vij 
n
j=1
2
; Eq. (3) 
Where, i = 1, 2 ...m. 
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The separation of each alternative from 
NIS is given by 
 
Si
-
 =   vj
− −  vij 
n
j=1
2
; Eq. (4) 
Where, i = 1, 2 ...m. 
 
Step7. Calculation of relative closeness 
to the ideal solutions and corresponding 
Signal to noise (S/N) ratios. 
 
Ci
+ =  
Si
−
Si
++ Si
−;           Eq. (5) 
Where i = 1,2......m 
 
The larger the 𝐶𝑖
+
value, the better the 
performance of the alternatives. S/N ra-
tios for 𝐶𝑖
+
 values were calculated by 
using Taguchi’s Higher-the-Better char-
acteristic. 
 
Step8. Rank the preference order.  
 
RESULTS AND DISCUSSIONS 
After machining of En24 work pieces 
the two performance characteristics of 
material removal rate in cm
3
/min and 
surface roughness in µm are measured 
for the analysis. The experimental results 
are shown in the table 5 and they 
represents the decision matrix.  
 
 
 
 
 
 
 
 
 
 
 
Table 5. Experimental Results 
S.No. MRR Ra 
1 2.25 0.2 
2 9 0.32 
3 20.25 1.2 
4 36 1.41 
5 6 0.46 
6 6 0.39 
7 36 0.57 
8 36 0.56 
9 11.25 0.28 
10 30 0.37 
11 11.25 0.91 
12 30 1.22 
13 18 0.5 
14 27 1.82 
15 27 0.56 
16 18 1.02 
 
The decision matrix values are norma-
lized using Eq. (1) and the values ob-
tained are given in the table 6. The 
weights for the individual responses are 
calculated by following the step 3 dis-
cussed in methodology and the values 
obtained are WMRR = 0.4934 and WRa = 
0.5065 respectively.  
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Table 6. Normalized Values of the Res-
ponses (rij) 
S. No. MRR Ra 
1 0.0242 0.0576 
2 0.0969 0.0922 
3 0.2181 0.3461 
4 0.3878 0.4066 
5 0.0646 0.1326 
6 0.0646 0.1124 
7 0.3878 0.1644 
8 0.3878 0.1615 
9 0.1212 0.0807 
10 0.3232 0.1067 
11 0.1212 0.2624 
12 0.3232 0.3518 
13 0.1939 0.1442 
14 0.2908 0.5249 
15 0.2908 0.1615 
16 0.1939 0.2941 
 
The normalized values (rij) of the res-
ponses were now turned into weighted 
normalized (Vij) values and shown in the 
table 7.  From the weighted normalized 
values of the responses the ideal and 
negative ideal solutions are chosen and 
given in the table 8. 
 
 
 
 
 
 
 
 
 
 
 
 
Table 7. Weighted Normalized Values of 
the Responses (Vij) 
S.No. MRR Ra 
1 0.0119 0.0291 
2 0.0478 0.0466 
3 0.1076 0.1752 
4 0.1913 0.2059 
5 0.0318 0.0671 
6 0.0318 0.0569 
7 0.1913 0.0832 
8 0.1913 0.0817 
9 0.0598 0.0408 
10 0.1594 0.0540 
11 0.0598 0.1329 
12 0.1594 0.1781 
13 0.0956 0.0730 
14 0.1434 0.2658 
15 0.1434 0.0817 
16 0.0956 0.1489 
 
Table 8. PIS & NIS Values 
 MRR Ra 
PIS 0.1913 0.0291 
NIS 0.0119 0.2658 
 
The separation values of each alternative 
from the PIS and NIS are obtained using 
Eq(3) and Eq(4) and the corresponding 
relative closeness values are given in the 
table 9. Based on the relative closeness 
values the ranking was given in the des-
cending order. From the figure 2 drawn 
for Ci
+
 values against the experiment 
number it is found that the 10
th
 alterna-
tive is the optimal and the corresponding 
process parameters values are speed at 
2500 rpm, feed at 0.1 mm/rev, depth of 
cut at 1.2 mm and nose radius at 0.4 mm 
respectively. 
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Table 9. Si
+
, Si
-
 and Ci
+
 Values 
S.No. Si
+
 Si
-
 Ci
+
 Rank 
1 0.1791 0.2366 0.5691 8 
2 0.1442 0.2220 0.6062 7 
3 0.1682 0.1315 0.4387 15 
4 0.1766 0.1889 0.5168 12 
5 0.1637 0.1994 0.5491 10 
6 0.1618 0.2097 0.5644 9 
7 0.0538 0.2559 0.8262 3 
8 0.0519 0.2569 0.8319 2 
9 0.1319 0.23 0.6355 6 
10 0.04 0.2580 0.8657 1 
11 0.1673 0.1410 0.4573 14 
12 0.1523 0.1714 0.5295 11 
13 0.1048 0.21 0.6670 5 
14 0.2414 0.1311 0.3519 16 
15 0.0707 0.226 0.7617 4 
16 0.1532 0.1435 0.4836 13 
 
 
Fig. 2. Experiments Vs Ci
+
 
 
Analysis of variance is employed at 95% 
of confidence level (P<0.05) for finding 
the significance of the process parame-
ters on the multiple response. From the 
ANOVA results given in the table 10, it 
is observed that nose radius is the high 
influencing factor for the multiple re-
sponse followed by feed, depth of cut 
and speed. Similarly the interaction ef-
fects of the process parameters also af-
fecting the multiple response and it is 
more in interactions of speed Vs speed 
and speed Vs depth of cut. The residual 
plots are drawn for checking the normal-
ity and the constant variance assump-
tions of ANOVA. From the figure 3, it is 
noticed that the residuals are following 
the normality as all the errors are lie 
nearer to the straight line. Similarly, the 
residuals are not showing any regular 
pattern in versus fits and order plots 
hence satisfying the constant variance. 
 
Table 10. ANOVA Results of Ci
+
 
Source 
D
F 
Adj SS 
Adj 
MS 
F P 
V 1 
0.0001
28 
0.0001
28 
0.01 
0.92
8 
F 1 
0.0214
23 
0.0214
23 
1.60 
0.29
6 
D 1 
0.0076
78 
0.0076
78 
0.57 
0.50
4 
R 1 
0.0909
36 
0.0909
36 
6.78 
0.08
0 
v*v 1 
0.0467
21 
0.0467
21 
3.48 
0.15
9 
f*f 1 
0.0005
02 
0.0005
02 
0.04 
0.85
9 
d*d 1 
0.0037
70 
0.0037
70 
0.28 
0.63
3 
v*f 1 
0.0012
29 
0.0012
29 
0.09 
0.78
2 
v*d 1 
0.0351
26 
0.0351
26 
2.62 
0.20
4 
v*r 1 
0.0189
05 
0.0189
05 
1.41 
0.32
1 
f*d 1 
0.0017
72 
0.0017
72 
0.13 
0.74
0 
f*r 1 0.0134 0.0134 1.01 0.39 
0
0.2
0.4
0.6
0.8
1
1 3 5 7 9 111315
Experiment No.
Ci+
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99 99 
Error 3 
0.0402
27 
0.0134
09 
  
Total 
1
5 
0.3454
78 
   
 
 
Fig. 3. Residual Plots for Ci
+
. 
 
CONCLUSIONS 
 The optimal combination of the proc-
ess parameters to achieve higher rela-
tive closeness (Ci
+
) value is found at 
speed of 2500 rpm, feed of 0.1 
mm/rev, depth of cut of 1.2 mm and 
nose radius of 0.4 mm. 
 ANOVA results concluded that the 
nose radius has the highest influence 
on the multiple responses and followed 
by feed, depth of cut and speed respec-
tively. 
 The residuals are following the nor-
mality and constant variance as they 
lie nearer to the straight line and do not 
representing any regular pattern. 
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